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Modulation of mirror neuron activity by inference of emotion from facial expressions
The mirror neuron system (MNS) is purported to comprise a network of neurons that respond both when one performs an action, and when one observes performance of that same action (Rizzolatti & Craighero, 2004) . Almost all direct evidence for mirror neurons stems from intracranial recordings of macaques (Pellegrino, Fadiga, Fogassi, Gallese, & Rizzolatti, 1992) . Based on slightly less direct evidence the MNS has been mooted as an important part of the system by which humans infer the intentions of others based on their actions (Gallese & Goldman, 1998) .
It has been suggested that the activation of mirror neurons at premotor sites during action observation allows humans to 'simulate' the action in their own minds (Rizzolatti & Craighero, 2004) . Neural networks associated with performing the observed action are activated in the observer, including networks associated with the state of mind that would result in the performance of that action. By this account, the ability of humans to attribute mental states to others (i.e. theory of mind) is inherent, and specialised subconscious neural circuits perform the bulk of the work (Gallese, 2009 ).
Activity in a human MNS has been inferred from functional magnetic resonance imaging (fMRI) results. Researchers have found action-observation congruent blood oxygen level-dependent (BOLD) activation in a complex network of areas distributed across the brain.
This bilateral network is typically described as including the posterior part of the inferior parietal lobule (IPL), the lateral precentral gyrus (primary motor cortex), and the posterior section of the inferior frontal gyrus (Rizzolatti & Craighero, 2004) . There is, however, evidence of mirror activity outside of these classically defined mirror neuron areas (Molenberghs, Cunnington, & Mattingley, 2009; Mukamel, Ekstrom, Kaplan, Iacoboni, & Fried, 2010) .
The human MNS has also been studied using EEG. The current standard method of detecting MNS activity using EEG is to investigate mu wave activity at central electrodes. Mu is a subcategory of the alpha frequency band, and is present during the absence of movement or somatosensory input (Kuhlman, 1978) . Mu is typically recorded from the sensorimotor regions and encompasses the frequency range of approximately 7. , although the precise range varies slightly across studies (e.g. Arroyo et al., 1993; Cochin, Barthelemy, Roux, & Martineau, 1999; Oberman, Ramachandran, & Pineda, 2008; Salenius, Schnitzler, Salmelin, Jousmäki, & Hari, 1997) . Mu is also associated with activity in the beta range (Pfurtscheller & Lopes da Silva, 1999) . One particular property of mu activity that has been interpreted as implicating involvement of the human MNS is its attenuation during action observation (Cochin, Barthelemy, Lejeune, Roux, & Martineau, 1998) . This association has led to mu wave activity to be used as a proxy measurement for MNS function (Fu & Franz, 2014; Oberman et al., 2005) . Studies combining fMRI and EEG recordings have indicated that EEG mu suppression is associated with patterns of the fMRI BOLD signal that are recognised as MNS activity (Arnstein, Cui, Keysers, Maurits, & Gazzola, 2011; Braadbaart, Williams, & Waiter, 2013) .
Building from the original MNS experiments of grasping in macaques (Rizzolatti, Fadiga, Gallese, & Fogassi, 1996) , both fMRI and EEG in human studies have demonstrated clear evidence for similar activity in humans (Iacoboni et al., 2005; Muthukumaraswamy, Johnson, & McNair, 2004) . More recent studies have demonstrated the effects of facial stimuli on MNS activity. For example, Buccino and colleagues (2004) found fMRI evidence of MNS activation in response to ingestive and communicative facial actions.
The recognition that the MNS might provide a basis for how humans recognise the emotional content of facial expressions was made relatively early (Gallese & Goldman, 1998) .
It seems logical that a system that infers state of mind from actions could be brought to bear on facial expressions. The speed and automaticity with which facial expressions are typically processed (Dimberg, Thunberg, & Elmehed, 2000) is also consistent with the canonical function of the MNS. Furthermore, an MNS theory of emotion perception (and broader social cognition, for that matter) could parsimoniously explain some disorders of social functioning, such as autism spectrum disorder (ASD). Indeed, ASD has been found to be associated with atypical MNS function by studies using a variety of methodologies (Dapretto et al., 2006; Hadjikhani, Joseph, Snyder, & Tager-Flusberg, 2006; Oberman et al., 2005) .
Evidence for MNS involvement in human emotion inference from facial expressions has been provided by a number of studies. Dapretto and colleagues (Dapretto et al., 2006) used fMRI to investigate MNS activity in children (mean age 12 years old), with a focus on ASD. Participants were shown images of facial expressions (anger, fear, happiness, sadness, plus neutral), and either imitated or observed. Fixation periods were included as a control. It was found that during both imitation and observation neurotypical participants exhibited activation in areas associated with facial processing and the MNS, however a comparison between the two conditions was not presented.
In another fMRI study, van der Gaag and colleagues (2007) presented participants with videos of actors performing facial expressions associated with three emotions (happiness, disgust, and fear), or a neutral expression. Participants were asked to merely observe the expression for one block of trials, to match the expression to another in the following block, and to imitate the expression in the final block. It was found that simple observation of the facial expression video resulted in comprehensive activation of areas in the MNS that were also activated while the expression was imitated. These areas included the inferior frontal gyrus and sensorimotor areas. Furthermore, greater activation was found as the task became more active: imitation elicited the most MNS activation, and observation the least. Matching the expression to a picture of another expression evoked an intermediate amount of MNS activity.
Using EEG, Moore and colleagues (2012) investigated mu suppression during observation of facial expressions. EEG was recorded from participants while they viewed static images of facial expressions (happiness and disgust), buildings, or visual noise (as an additional control). Recordings from the visual noise condition were not analysed, as they included substantial noise from posterior alpha, likely due to differences in attentional demands between conditions. Independent components analysis (ICA) was applied to assess left and right mu components for each participant in the remaining conditions. The primary finding was that activity in the mu components was significantly less powerful when participants viewed facial expressions compared to when they viewed buildings, thereby providing evidence for MNS involvement in facial expression processing Although studies have provided initial evidence that the MNS is involved in functions related to facial expression processing, no study has yet demonstrated mu suppression during the classification of emotion from facial expressions. Such a finding would provide important evidence for MNS involvement in emotion perception, convergent with the fMRI literature.
In fact, a study by Pineda and Hecht (2009) did not find evidence of mu suppression during classification of emotion from images of eyes; thus, a study using classification of emotions from whole face expressions is necessary.
The present experiment employed the mu suppression method using EEG to test whether the MNS is involved in the classification of emotion from still images of emotional faces. Participants viewed images of a wide range of facial expressions, and were instructed to either passively observe the expression, or to match the associated emotion to one of four textually presented options. As a control task emotion words were presented, and participants either observed them, or matched them to the same word.
It was hypothesised that the matching task for both faces and words would evoke more mu suppression than the corresponding observation tasks due at least in part to the effect of the motor response. Furthermore, given that matching facial expressions to an emotion word would require participants to process the depicted emotion, it was hypothesised that more mu suppression would be involved during the emotion classification task in comparison to the simple matching task posed in the word condition. Such a result would indicate that MNS activity is elicited by the inference of emotions from facial expressions, especially if we assume that the cognitive process of matching a word does not particularly utilise the MNS.
Method Participants
Nineteen volunteers (12 female, 7 male) from the University of Otago community volunteered for the experiment. Participants were partially reimbursed for their time. There were 18 right-handed participants, and 1 left-handed. Participants ranged in age from 18 to 25 years (m=21.25) and had normal or corrected-to-normal vision and hearing. They were screened for mental health disorders, and other conditions that might contraindicate EEG.
Materials

Hardware
Experiments were administered using two Windows XP computers. One computer presented the stimuli and recorded responses (the stimulus computer), and another recorded the participant's electroencephalogram (the EEG computer). Participants were comfortably seated on a computer chair approximately 60cm from the stimulus computer monitor. EEG was recorded in a safety-tested body-protected electrical area by a trained experimenter.
Images from the stimulus computer were presented to the participant using an Asus VG248QE 61cm (24") WLED/TN monitor with 144Hz refresh rate and advertised 1ms grey-to-grey response time (ASUSTeK Computer Inc., 2014).
Responses were recorded using a custom-made input device (the response box) to obtain precise reaction times (in milliseconds: ms). It consisted of two identical ambidextrous computer mouses, each with left and right microswitches connected directly to an Arduino Uno microcontroller. Four options were presented, the participant responded with the middle and index fingers of both hands.
Triggers were sent from the stimulus computer to the EEG computer via a parallel port connection. EEG was recorded using a 32-channel Ag/AgCl sintered Advanced Neuro Technology (ANT) WaveGuard cap in the standard 10-20 configuration, connected to an ANT Refa8 32-channel amplifier. Conductive gel was used to couple the electrodes to the scalp, and impedance was kept below 5kΩ at all electrodes. The ground electrode was located halfway between Fpz and Fz. EEG data were continuously recorded at 1024Hz using ANT Advanced Source Analysis (ASA) software version 4.7.3.1.
Software
The experiment was presented by a program written in Matlab using Psychtoolbox (version 3.0.10; see Kleiner et al., 2007) . This toolbox provides an interface between Matlab and low-level graphics procedures, facilitating the high-precision presentation of visual stimuli. The experimenter monitored the participant using a live video feed and secondary monitors in a conjoining room.
Most processing of EEG data was performed using EEGLAB (Delorme & Makeig, 2004) . EEGLAB is an open-source Matlab toolbox for analysing and manipulating EEG data. On each trial, the participant was first presented with the four response options (or a cue to observe) near the bottom of the screen (the prompt period). After 4 seconds the stimulus appeared in the centre of the screen and remained for 6 seconds (the stimulus presentation period). The options were presented before the stimulus to familiarise participants with their content and locations and minimise the need for eye movements after stimulus presentation.
During matching trials participants responded using the response box. The participant's response was then highlighted in blue on the display screen and was unable to be changed.
Trials and stimuli were fully randomised and presented in 15 four-trial blocks with a 10 second fixation period between each block. Consecutive trials were separated by a fixation period with a random duration averaging 3 seconds (SD=0.75s). Eight practice trials (two of each condition) were presented at the start of the experiment with instructions. 
Analysis
EEG recordings from the stimulus presentation period were the primary focus of the present study, but behavioural responses from valid trials were also analysed for RT and accuracy. The latter measures were averaged for each participant, and compared using paired t-tests. No distinction was made between correct and incorrect trials for these analyses.
EEG data were epoched between 250 and 1000ms after stimulus presentation, resulting in a 750ms long epoch. The 250-1000ms post-stimulus period was meant to capture only the early activity associated with perception and classification of the stimulus. The 250ms start point was chosen to reduce the presence of eye blink artefacts associated with stimulus presentation. The 1000ms end point was chosen because it occurred prior to the average response in both conditions, and included enough of the period after stimulus presentation to capture the activity of interest.
EEG Preprocessing
All EEG data were rereferenced to linked mastoid electrodes, and downsampled to 512Hz for analysis. The continuous data were then low-pass filtered at 40Hz, and high-pass filtered at 0.01Hz. Continuous data were epoched, and the average voltage for each channel and epoch combination was subtracted as a baseline. An independent components analysis (ICA) was then performed (using the 'extended' option in EEGLAB). Epochs were then rejected on the basis of the ICA data. Trials with clear paroxysmal artefacts were rejected, as were trials with noise that was highly correlated across independent components (ICs; indicating a poor decomposition). Trials were also rejected if the response occurred before 812.5ms post-stimulus (i.e. three quarters of the way through the epoch, 250+750*0.75) to reduce the chances of capturing non-task-related activity, and to eliminate erroneous or thoughtless responses. ICA was then performed again in order to obtain a cleaner decomposition, and artefactual ICs were subtracted from the EEG data with the help of the ADJUST plugin for EEGLAB (Mognon, Jovicich, Bruzzone, & Buiatti, 2011) . Eliminated
ICs were reflective of eye movements, blinks, neck and jaw muscle activity, and general noise.
Timestamps for events from the stimulus computer were algorithmically compared to those from the EEG computer. Minute adjustments were made to most of the EEG timestamps to account for variable delay associated with the transmission of the timestamp event. A faulty T7 electrode during one participant's session necessitated the removal of that channel from that data set, data were interpolated from surrounding electrodes.
Source localisation
In the past, mu suppression has been operationalised as average mu spectrum activity recorded at central electrodes during experimental conditions compared to a resting baseline fixation (e.g. Moore et al., 2012; Pineda & Hecht, 2009 ). The main disadvantage of this approach is that electrodes do not record activity exclusively from the brain directly below them (Michel & Murray, 2012) . The potential impact of the attentionally-moderated posterior alpha rhythm is of particular concern (Oberman et al., 2008) . To mitigate these limitations, the present experiment localised the sources of mu activity to ensure that only alpha of a sensorimotor origin was categorised as mu. Another departure from past methods was that the control task for the present experiment was the observation of the stimulus (observe trials) rather than viewing of a fixation stimulus. The literature suggests that resting fixation is not an inherently neutral control task; an abundance of complex EEG activity occurs during rest (Barry, Clarke, Johnstone, Magee, & Rushby, 2007; Newman, Twieg, & Carpenter, 2001 ).
Calculating mu suppression during the matching task relative to an observation task subtracted the potentially confounding effect of the participant observing the stimulus. Eliminating the resting baseline also simplified within-subjects comparisons, while keeping them mathematically equivalent to the traditionally-used approaches.
The analysis approach in the present experiment began with the production of a threedimensional array of mean spectral generators for each participant and each condition using the LORETA-KEY software package. This analysis followed the spectral analysis method.
First an eLORETA transformation matrix was derived for the standardised electrode locations of the ANT WaveGuard cap. Next each participant's recording was rereferenced to the average signal, and the mu (7.5-12.5Hz) cross-spectrum was calculated at each electrode for valid epochs across each condition using the default LORETA method (i.e. a discrete Fourier transform with boxcar windowing (Chavanon, Wacker, & Stemmler, 2011) ), effectively decomposing the data to the frequency domain for the post-stimulus period. Mu activity in the beta range was not investigated. Effects in the alpha band are usually stronger, and the beta band is regularly excluded from mu investigations (Horan, Pineda, Wynn, Iacoboni, & Green, 2014; Oberman et al., 2005; Singh, Pineda, & Cadenhead, 2011) . The cross-spectra were localised using the transformation matrix, resulting in a frequency-space domain voxel image of mu activity for each condition, for each participant.
Source localisations were compared between conditions using Statistical nonparametric mapping (SnPM). A double-subtraction analysis was used to test the main experimental hypothesis. Briefly: mu suppression during the matching task relative to the observation task was compared between picture and word trials. This procedure is, in essence, similar to the simple subtractive method often used in fMRI research (Brown, Perthen, Liu, & Buxton, 2007) . First SnPM was used to calculate the difference between the observe-picture and match-picture conditions, and between the observe-word and match-word conditions. The statistic of interest for these comparisons was the difference between the log transformed averaged images for each condition. These comparisons assessed the difference in mu activity associated with selecting an option separately in response to facial expressions and emotion words, and were called the observe-match ratio. Observe-match ratios were calculated for each participant, as well as across all participants. This comparison effectively subtracted the effect on mu activity of observing the stimulus.
Because the observe-match ratios capture mu suppression related to both classification of the stimulus and the motor movement associated with selecting the option, the matchobserve ratio images for the picture and word trials for each participant were compared using SnPM with a paired t-test as the statistic of interest, initially restricted to MNS-related regions of interest (ROIs). This ROI was constructed using the LORETA-KEY software package, and included bilaterally all voxels in the precentral and postcentral gyri, the pars opercularis of the inferior frontal gyri (Brodmann Area 44), and the inferior parietal lobule (illustrated in Figure   2 ). A whole-brain analysis was also undertaken to assess whether alpha generation was affected outside of MNS regions. The t-test comparing match-observe ratio images effectively subtracted the effect on mu activity of the button press. Figure 2 . Illustration of ROIs (for left, top, and right views) used for assessing differences in match-observe ratio between conditions. This ROI was generated by the LORETA software package, and included (bilaterally) the pars opercularis of the inferior frontal gyrus (Brodmann Area 44), precentral and postcentral gyri, and the inferior parietal lobule.
A further analysis was undertaken to investigate the potential for a confounding effect of motor response and/or motor readiness differing between picture and word matching trials.
In short, the difference in average reaction times between match-picture and match-word was calculated for each participant. Additionally, a single eLORETA source localisation image representing the difference in observe-match ratio between picture and word trials was calculated for each participant (i.e. the individual comparisons that composed the average illustrated in Figure 5 and Figure 6 ). The difference in reaction time was then permuted between subject images and the maximum correlation from each permutation used to generate a probability distribution.
All SnPM comparisons were performed using 10,000 permutations. 
Results
Behavioural responses
Reaction times (RTs) for the emotion classification task were significantly longer (2.234s vs. 1.289s; p<0.0001) and the percentage of correct responses was significantly lower (71.2% vs. 90.9%; p<0.001) than the word matching task. Although it was likely that accuracy in both tasks was degraded by the instruction to respond as quickly as possible, performance was well above chance (25%) for both conditions. These behavioural data indicate that the picture matching task was more difficult than the word matching task, which was to be expected. During the picture matching task the displayed emotion had to be perceived, then translated to a word, then matched to one of the options. Conversely, the word matching task could have been accomplished purely by matching the visual aspects of the stimulus to one of the options (although presumably participants did read the word, given the automaticity of reading (Kahneman & Chajczyk, 1983) ). The epoching strategy used in this study aimed to capture only the early parts of this process. Additionally, MNS activity has often been analysed in the presence of differing RTs across conditions (e.g. Molnar-Szakacs, Kaplan, Greenfield, Perry, Troje, & Bentin, 2010) .
Electrophysiological measures Differences between observation and match trials per stimulus type
Differences in distribution of mu activity between observe and match trials during the 250-1000ms post-stimulus period were compared separately for picture and word trials, resulting in two observe-match ratio images. As outlined in the methods, these comparisons were made using SnPM with the mean log ratio between conditions as the statistic of interest.
For both levels of stimulus medium there was significant mu suppression during match trials relative to observe trials. Mu suppression associated with the matching task was more extensive in response to picture stimuli (illustrated in Figure 3 ) compared to word stimuli (illustrated in Figure 4 ). word-observe minus word-match). The left hemisphere peak is at MNI coordinates: (-35, -30, 40) , the right hemisphere peak is at MNI coordinates: (35, -30, 40) .
Peak mu suppression in both conditions was localised to the sub-gyral area just below the junction between the postcentral gyrus and parietal lobe in the left hemisphere (picture:
f=0.675, one-tailed p<0.0001; word: f=0.441, one-tailed p<0.01). There was an equivalent maximum in the right hemisphere for both conditions that was somewhat weaker than that of the left hemisphere (picture: f=0.620, one-tailed p<0.001; word: f=0.386, one-tailed p<0.01).
Observe-match ratio differences between stimulus types
To assess the difference between the data presented in Figure 3Figure 3 and Figure   4Figure 4, the observe-match ratios for each participant were compared using SnPM with the paired t-value as the statistic of interest, restricted bilaterally to the pars opercularis of the inferior frontal gyrus (Brodmann Area 44), precentral and postcentral gyri, and the inferior parietal lobule (see Figure 2 ). This comparison effectively subtracted activity associated with the button press (assumed to be constant across the two experimental conditions). This double subtraction (illustrated in Figure 5 ) highlights areas of significantly greater mu suppression associated with the emotion classification component of the picture matching task compared to the word classification component of the word matching task. There was significantly more mu suppression associated with the picture matching task compared to that during the word matching task. and also encompassed some of the adjacent postcentral gyrus (illustrated in Figure 6A ).
Another maximum of similar peak magnitude was localised to the left inferior parietal lobule (t=3.54, one-tailed p<0.02). This locus of mu suppression was more extensive, spreading through the postcentral gyrus, and into the precentral gyrus (illustrated in Figure 6B ).
Expanding the analysis to the whole brain indicated no additional areas of significant alpha suppression differences. (50, -10, 55) , and in the right hemisphere at MNI coordinates: (-45, -55, 40) .
Correlation between reaction time differences and difference in observe-match ratio
The difference in observe-match ratio between picture and word trials (i.e. Figure 5 and Figure 6 ) was found not to be significantly correlated with the difference in RT between picture and word matching trials. The peak correlation (r=0.23, two-tailed p>0.85) occurred in the superior frontal gyrus, and the correlation coefficient did not exceed 0.2 at any voxel in our regions of interest.
Discussion
The present findings support both the first hypothesis that mu suppression would be associated with the matching task, and the second hypothesis that the suppression would be more powerful when matching facial expressions to emotion words than when merely matching words. This demonstration that mu suppression is associated with classification of emotions from facial expressions is consistent with the theory that mu suppression reflects MNS activity, and that the MNS is employed in emotion processing. Thus, the study provides new evidence for the role of the MNS in emotion perception based on facial expressions, and complements previous work using both fMRI and EEG.
The present study also further clarifies the fMRI research which provided its foundation. Using fMRI, van der Gaag and colleagues (2007) found more activity in MNS areas during facial expression classification compared to observation. The present study provides corroborating evidence, while using double subtraction to control for the potential effect on MNS activity associated with both the motor action involved in selecting a response option, and the observation of the facial expression. Specifically, the subtraction of activity during the matching task from that during observation (the observe-match ratio) theoretically eliminated mu suppression associated with observation of the stimulus (either facial expression or word). The comparison between those two difference images then theoretically eliminated the effect of selecting a response option. Thus the final comparison reflects the difference between classifying an emotion and matching a word. It is perhaps fair to assume that matching a word purely on its visual characteristics should not elicit MNS activity, and that the final contrast image only shows the mu suppression associated with classifying an emotion from a facial expression.
The present study also supplements existing fMRI research by providing important temporal information. Our analyses isolated a short period during the early stages of emotion processing with a temporal resolution that would be difficult to achieve with metabolic neuroimaging techniques.
The subtractive method used in the present study is not without its limitations. As Friston and colleagues (1996) note, the pure subtraction of cognitive processes may produce erroneous conclusions where interactions are present. For instance, there exists the risk that the matching task of the present study focused attention on the stimulus, thereby eliciting more mu suppression from observing that stimulus during matching compared to passive observation. Nevertheless, the subtraction approach of the present study provided more control than the electrode-wise comparisons typically used in mu suppression experiments, and allowed for the simple application of relatively assumption-free permutation-based comparisons.
Another strength of the present study is that the sources of mu activity were localised, rather than relying on mu activity as recorded at central electrodes. This mitigated the potential problem that central electrodes do not reliably record activity from only central areas.
Localising the sources of alpha activity allows the more definitive identification of the mu rhythm, especially in terms of differentiating mu from the posterior alpha rhythm. The absence of posterior alpha differences between conditions found by this inherent co-analysis suggests that there were not strong attentional differences between conditions. It is the hope that this localisation will eventually be improved by the use of a denser electrode array. Simulated data have shown that denser arrays, especially on the inferior head areas, can improve the localisation properties of sLORETA (the precursor to eLORETA). Nevertheless, we could reasonably expect average localisation error on the order of 1cm (i.e. two voxels) with a 32-electrode setup (Song et al., 2015) . Moreover, similar equipment has been used to successfully localise activity in previous studies (Costa et al., 2013) .
It should be noted that, although eLORETA generates images visually similar to those of metabolic techniques, the basis of the value at each voxel differs. Source localisation images represent areas of large-scale oscillatory activity, which does not necessarily coincide with the BOLD signal. For instance, we would not expect to localise alpha activity differences to face areas; such a finding would not be considered mu suppression, and could not be interpreted as MNS activity. The eLORETA images are best viewed as a more precise version of the scalp maps of spectral activity often seen in EEG research.
A potential methodological limitation of the present study is that the reaction time (RT) for the word matching was significantly faster than that of the emotion classification task. This would have made it more likely that the button press (or associated motor planning)
would occur during the 250-1000ms post-stimulus epoch during word matching trials. Mu suppression associated with motor planning and movement is well-documented (Pfurtscheller, Brunner, Schlögl, & Lopes da Silva, 2006) .
It is fair to assume that the effect of response-associated mu suppression on our analyses was not inordinate for several reasons. Firstly, we would expect more responseassociated mu suppression during the word matching trials due to the epochs containing more responses on average, yet our findings are in the opposite direction. Secondly, our stimuluslocked epochs were for a brief enough period after the stimulus that they did not often encompass the response, even during the word matching task. Thus it is likely that most of the activity during that epoch was associated with the more instantaneous perceptual processes that we were interested in. Perhaps most tellingly, the results from our supplementary analysis indicate that the difference in observe-match ratio between picture and word conditions was not significantly correlated with the difference in RT between the two conditions at any voxel.
Nevertheless, future studies might do well to investigate differences between tasks with more closely matched tasks. The difficulty of a word matching control task could be increased by visually obfuscating the stimulus to some degree, or a different control task could be created using an image processing task thought not to engage the MNS.
Although research on the MNS originally focused on its association with hand actions, the present study provides further support that the MNS is intimately involved in the processing (and classification) of emotion. This supports the notion that the MNS plays a crucial role in social cognition, as proposed by Gallese and Goldman (1998) , and echoed by others (Oberman & Ramachandran, 2007) . The occurrence of mu suppression in the very early stages post-stimulus indicates that engagement of the MNS when processing facial expressions occurs rapidly and likely automatically upon perception of the faces.
In sum, the present paper provides electrophysiological support for the idea that the MNS is involved in social perception. Mu suppression was demonstrated using a novel combination of techniques that go some way to control for potential confounding factors that can intrude on MNS research in general, and EEG research in particular. The findings presented here are consistent with the idea that the development of the MNS has played a crucial role in our social functioning.
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